D
abigatran etexilate (Pradaxa) is a direct thrombin inhibitor that has a favorable risk-benefit profile compared with vitamin K antagonists (VKAs) for the prevention of ischemic stroke in patients with nonvalvular atrial fibrillation and the treatment of patients with venous thromboembolism. 1, 2 Even so, as with all anticoagulants, dabigatran still confers a risk of gastrointestinal (GI) bleeding that in rare cases can lead to hemodynamic instability and result in high risk for morbidity and mortality. 3 In patients with nonvalvular atrial fibrillation, the 150-mg twice-daily dose of dabigatran was associated with an increased risk of GI bleeding, and the 110-mg twice-daily dose was comparable to VKAs. 1 Thus, an agent that can rapidly counteract the anticoagulant effect of dabigatran in these patients would be a valuable tool in severe bleeding management.
Idarucizumab (Praxbind) is a humanized monoclonal antibody fragment that binds dabigatran with high affinity, neutralizing its ability to inhibit thrombin. 4, 5 In the RE-VERSE AD study (Reversal of Dabigatran Anticoagulant Effect With Idarucizumab), idarucizumab provided rapid, effective, safe, and durable reversal of dabigatran activity in the presence of uncontrollable hemorrhage that warranted immediate reversal or the need for urgent surgery. 6 Before the availability of idarucizumab, treatment and prevention of severe bleeding in dabigatran-treated patients involved supportive care and nonspecific blood products. 1, 7, 8 Experience with the use of coagulation factors such as prothrombin complex concentrate (PCC) to antagonize dabigatran activity is limited, and its effectiveness has never been studied in clinical trials. 9 In the large RE-VERSE AD study, GI bleeding accounted for 45.5% of all qualifying bleeding events, which was the most frequent organ system location. 6 The purpose of the present analysis is to provide insights from RE-VERSE AD into the extent of dabigatran reversal, the frequency of full bleeding cessation within the first 24 hours, and the occurrence of both thromboembolic events and mortality over a 90-day follow-up period in patients reversed for GI bleeding.
METHODS

Study Design and Population
The RE-VERSE AD study was a prospective, multicenter, openlabel cohort evaluation of the efficacy and safety of idarucizumab in the reversal of dabigatran-related anticoagulation. The design and rationale for RE-VERSE AD and its main results have been published previously. 6, 10 Briefly, 2 dabigatrantreated patient groups were evaluated: group A comprised patients who had uncontrollable bleeding that was judged by the clinician to warrant acute reversal, and group B consisted of patients who were about to undergo an intervention that could not be delayed for at least 8 hours. Every patient received intravenous idarucizumab, administered as two 50-mL bolus infusions, each containing 2.5 g idarucizumab, no more than 15 minutes apart. Patients were classified by the site investigator as having upper or lower GI tract bleeding, defined as bleeding that was presumed to originate from a source proximal or distal to the ligament of Treitz, respectively, as diagnosed clinically, by imaging, or by endoscopic examination as guided by clinical presentation. 11 All patients provided written informed consent. The study protocol was approved by all the relevant institutional review boards. The data, analytical methods, and study materials will be made available on request to other researchers for purposes of reproducing the results or replicating the procedure.
Study and Follow-Up Procedures
The primary end point of RE-VERSE AD was the maximum reversal of the anticoagulant activity of dabigatran as measured by the diluted thrombin time (dTT) or ecarin clotting time (ECT) within 4 hours after the end of the second infusion of idarucizumab. Complete reversal was achieved if assay results were at or below the upper limit of normal (ULN) for at least 1 of 5 time points during the first 4 hours after idarucizumab infusion. Both the dTT and ECT have previously been shown to correlate to actual dabigatran levels across a wide concentration range. 5 The activated partial thrombin time (aPTT; in both local and reference laboratories) was also evaluated as an end point in RE-VERSE AD. Because both ECT and aPTT are also subject to greater test variability, the main focus of the present study was the change in dTT. Reversal of ECT and aPTT values is reported in the online-only Data Supplement. The maximum reversal of dabigatran was calculated as follows: percentage reversal=[predose test result (in seconds)−minimum postdose test result (in seconds)]/[predose test result (in seconds)−ULN range (in seconds)]×100%. The ULN of the dTT in the reference laboratory was 36 seconds. 10 The minimum postdose test result is the lowest value from the 5 measurements within 4 hours. Patients without elevated dTT values were treated with idarucizumab on the basis of clinical necessity and were included in all safety analyses but were excluded from our primary analysis.
Clinical Perspective
What Is New?
• Idarucizumab showed a rapid and complete reversal of dabigatran activity in 98% of patients presenting with gastrointestinal bleeding who had an elevated diluted thrombin time, regardless of the gastrointestinal bleeding location, and can safely be administered in conjunction with hemostatic agents.
What Are the Clinical Implications?
• These data provide further insights to practicing physicians into the role of idarucizumab in the management of dabigatran-related major gastrointestinal bleeding.
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Further end points included (1) time to bleeding cessation, as assessed by the treating physician and defined by stabilization of pulse, blood pressure, or hemoglobin values or, if the site was endoscopically evaluable, visible determination; (2) postreversal rebleeding and thrombotic events occurring within 90 days of reversal; and (3) death. The extent of bleeding and hemodynamic stability was assessed by the site investigator between 10 and 30 minutes and at 1, 2, 4, 12, and 24 hours after idarucizumab administration or when considered clinically appropriate. All bleeding events were censored at a maximum duration of 24(+1) hours. Patients were enrolled on the basis of clinical presentation of uncontrolled bleeding that in the opinion of the treating clinician required immediate reversal of anticoagulation. The severity of bleeding was classified post hoc with the International Society on Thrombosis and Haemostasis criteria. 12 Patients were followed up from the time of idarucizumab infusion up to 90 days after the infusion. The occurrence of any suspected thrombotic events and deaths was recorded and adjudicated by an independent committee. Two patients died outside the protocol-specified 90-day follow-up and are not included in further analyses.
Statistics
Data were analyzed with descriptive statistics expressed as either the mean±SD or median (interquartile range [IQR] ). For categorical variables, frequencies (number) and percentages (percent) were used. The primary end point of the maximum dabigatran reversal within 4 hours of idarucizumab administration was calculated only for patients in whom pretreatment values exceeded the ULN range in the central laboratory. 6 All analyses were performed with SAS version 9.4 (SAS Institute, Cary, NC).
RESULTS
Patient Characteristics
The GI tract was the site of qualifying hemorrhage in 137 of 301 of bleeding patients (45.5%) enrolled in group A of the RE-VERSE AD cohort, representing the commonest organ source of hemorrhage. 6 Of the 137 patients, 43 (31.4%) presented with lower GI bleeding, 48 (35.0%) presented with upper GI bleeding, 4 patients (2.9%) had both upper and lower GI bleeding, and the bleeding site remained unidentified in 42 patients (30.7%). Patients' demographics did not differ by location of the GI bleeding. The mean age was 78 years (SD, 10 years), and 75 patients (54.7%) were male. Ninety-one patients (66.4%) were on the 110-mg twice-daily dose. Many patients had additional comorbidities, including 114 (83.2%) with hypertension, 68 (49.6%) with chronic heart failure, and 39 (28.5%) with prior stroke or transient ischemic attack (Table 1) . Proton pump inhibitors were used at presentation in 38 patients (27.7%), and 20 patients (14.6%) were treated with antiplatelet therapy along with dabigatran. The median hemoglobin level at baseline was 8.1 g/dL (IQR, 6.7-10.1 g/dL). The patient-reported last dabigatran intake was at a median of 13 hours (IQR, 8-20 hours) before idarucizumab administration. A total of 121 patients (88.3%) had elevated dTT levels at enrollment with a median of 58 seconds (IQR, 44-86 seconds). International Society on Thrombosis and Haemostasis bleeding was classified as minor in 16% of patients with GI bleeds; however, dabigatran levels, time since the last dabigatran dose, and baseline dTT were similar regardless of whether the patients with minor bleeds were included in the cohort.
GI tract pathology was also recorded at the time of patient enrollment in the study, although this was not mandatory and may represent underreporting of actual pathology (Table I in the online-only Data Supplement). Gastric and duodenal ulcers were common in those with upper GI bleeding (25.0%), whereas polyps and diverticular disease were identified frequently in patients with lower GI bleeding (9.3% and 16.3%, respectively). Newly diagnosed luminal GI cancer was reported in at least 2 patients in source documentation, 1 patient with a GI stromal tumor, and 1 patient with pancreatic carcinoma involving the stomach. This information reporting was not mandatory and may represent underreporting; it was also not captured in the clinical database.
Dabigatran Reversal
The median time between the start of administering the first vial of idarucizumab to the end of the last vial was 19 minutes (IQR, 14-25 minutes) in patients with GI bleeding. Complete anticoagulation reversal was observed within 10 to 30 minutes in 118 of the 121 patients (97.5%) with elevated dTT values at baseline and was similar for all sites of GI bleeding (Figure) . The 3 patients (2.5%) without complete initial reversal had 3-to 7-fold increased ULN dTT values but still had a reversal effect of at least 50%. This reversal persisted for at least 4 hours in 110 of 121 patients (90.9%) and up to 24 hours in 71 of 121 patients (58.7%). The extent of reversal with the ECT and (central laboratory) aPTT assays was comparable to reversal with dTT (Figures I and II in the online-only Data Supplement).
A re-elevation of dTT above the ULN occurred in 25 patients (20.7%) within 12 hours and in 50 patients (41.3%) within 24 hours. In 10 of these 50 patients (20.0%), rebleeding was reported within 48 hours after idarucizumab administration. These 10 patients with rebleeding had higher baseline dTT levels (median, 115. 
Cessation of Bleeding
In patients with lower GI bleeding, 76.2% were assessable within 24(+1) hours, with a time of 2.1 hours (IQR, 1.3-7.9 hours) to bleeding cessation (Table 2) . Bleeding cessation occurred in 9.5% of patients at time points >25 hours and could not be confirmed in 14.3% of patients. In the upper GI location, 82.6% were assessable within 24(+1) hours, with a median 
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time of 2.7 hours (IQR, 1.5-9.6 hours); 4.3% of patients stopped bleeding >25 hours; and 13.0% were not assessable. In patients with an unknown location of GI bleed, 52.4% were assessable within 24(+1) hours, with a median of 3.2 hours (IQR, 2.0-6.5 hours); 14.3% stopped bleeding at times >25 hours; and 33.3% were not confirmed. In patients with >1 location, bleeding cessation occurred within 24(+1) hours in 100% of patients after 6.4 hours (IQR, 0.8-16.0 hours).
Blood Product Management
A total of 117 patients (85.4%) in this cohort also received blood products: 113 (82.5%) received packed red blood cell transfusions; 6 (4.4%) received PCCs; 2 (1.5%) received activated PCCs; and 1 received recombinant activated factor VII (0.7%; Table 3 ). Administration of these procoagulant agents had no effect on dabigatran reversal by idarucizumab as demonstrated by dTT, ECT, and aPTT (data not shown).
Thromboembolic Events and Anticoagulation Resumption
A total of 6 patients (4.4%) experienced 7 thromboembolic events during the 90-day follow-up period, 4 of which occurred within 30 days (2.9%; Table 2 ). Five of these events in 4 patients occurred in the absence of anticoagulation: 1 myocardial infarction 1 day after the first idarucizumab dose, 2 deep vein thromboses (1 with concurrent pulmonary embolism) occurring at 2 Patients could not be evaluated if bleeding stopped before idarucizumab (n=1) or no postbaseline bleeding assessment was performed (n=2). GI indicates gastrointestinal; and IQR, interquartile range. 
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Mortality
The 30-day and 90-day mortality was 10.9% (15 patients) and 14.6% (20 patients), respectively ( Table 3) . The median time of death was 18 days (IQR, 6-35 days) after idarucizumab. Causes of death included cardiac failure (4 patients), respiratory failure/infection (3 patients), myocardial infarction (3 patients), hemorrhage (2 patients), and kidney failure, sepsis, electrolyte imbalance, inanition, disseminated intravascular coagulation, ischemic stroke, Parkinson disease, and sudden death (1 patient each).
DISCUSSION
The main finding of this post hoc analysis of the RE-VERSE AD study is that idarucizumab showed a rapid and complete reversal of dabigatran activity in 97.5% of patients presenting with GI bleeding who had an elevated dTT regardless of the GI bleeding location. This highly efficacious reversal is consistent with the published results of the entire RE-VERSE AD study, which included patients with bleeding into other organs and nonbleeding patients requiring urgent interventions while anticoagulated with dabigatran. 6 Overall, reversal was achieved rapidly and persisted up to 24 hours in the majority of patients after 1 dose of idarucizumab. The rapid and immediate decrease of dTT values demonstrates that reversal of dabigatran is directly related to the administration of idarucizumab and is consistent with its mechanism of action and previous results in healthy volunteers. 4, 13 After 24 hours, 50 patients (41.3%) had a re-elevation of dTT values above the ULN. Re-elevation of dabigatran is possibly caused by the redistribution of unbound dabigatran from the peripheral tissues to the intravascular compartment over time, because idarucizumab is rapidly cleared (≈95% of the dose is cleared 4 hours after administration). 6 Re-elevation of the dTT was associated with rebleeding in 10 of 50 patients (20%). In general, patients with rebleeding had a high baseline dTT and higher re-elevated dTT levels at 24 hours. Measurement of anticoagulation in hospitalized patients after a GI bleed may be important for further clinical assessment. If rebleeding occurs and clotting assays are elevated, then a second dose of idarucizumab may be warranted.
14 However, if rebleeding occurs but clotting assays are not elevated, then rebleeding is likely anticoagulant-independent and should be addressed with bleeding management procedures. Clinical variables such as blood pressure, effect of the initial intervention, and thrombocyte count may also be important contributors to rebleeding.
A second dose of idarucizumab was administered to 3 patients with rebleeding, in whom the dTT reversed to below ULN and rebleeding stopped promptly within an hour. This illustrates that in rare cases, a second dose was indicated to stop the bleeding, which was well tolerated by patients.
The present study provides important information that dabigatran activity was completely reversed in patients presenting with predominantly uncontrollable GI bleeding. The frequency of GI bleeding from upper or lower GI tract locations in dabigatran-treated patients was comparable to and consistent with previous observations. 15, 16 In addition, in accordance with earlier findings, upper GI bleeding was caused primarily by ulceration, whereas lower GI bleeding was frequently associated with diverticulosis and polyps. 17, 18 The location of GI bleeding remained unidentified in 31% of the patients. This could be the result of a bleeding source within the small intestine at a site beyond the reach of traditional endoscopy or delayed or absent diagnostic evaluation.
Overall, 82.5% of the patients received red blood cell transfusions, which was higher than reported by other studies. 19, 20 A study performed by Pannach et al 19 that included all major GI bleeding events documented in a prospective non-VKA oral anticoagulant registry found 44% red blood cell transfusions in 143 patients ORIGINAL RESEARCH ARTICLE using non-VKA oral anticoagulants. In addition, an observational study performed by Xu et al 20 found this rate to be 52% in 460 non-VKA oral anticoagulantrelated bleeding events, which were located mostly in the GI tract. The majority of patients in this study (84%) presented with major or life-threatening bleeding and were deemed to warrant acute reversal; therefore, they had potentially more serious events than in other studies. 12 In the study by Xu et al, 20 PCC and recombinant factor VIIa were used more frequently than in our study, possibly because idarucizumab was not available in their study. In all cases of major GI bleeding, there is variation among clinicians in identifying and acting on thresholds for transfusion therapy.
Twenty of 137 patients with an index event of GI bleeding died during the 90-day follow-up. This underlines the poor prognosis of the critically ill patients in the present study, many of whom presented with hemodynamic instability and comorbidities despite normalization of coagulation. In addition, the long follow-up of the elderly patients in this study precludes direct comparisons with other studies, in which follow-up duration is often shorter. The in-hospital mortality in a study by Pannach et al 19 was 1.6% in non-VKA oral anticoagulant-treated patients and 5.6% in VKA-treated patients (mean hospital stay, 6.9 and 12.6 days, respectively). Although in-hospital mortality was not recorded in our study, the 5-day mortality was 3.6%, consistent with these results. Pannach et al also included patients with controllable GI bleeding, again reflecting the more severely ill patients enrolled in the present study and potentially explaining the higher mortality rate.
The incidence of thromboembolic events after 30 and 90 days was 2.9% and 4.4%, respectively, which is comparable to a pooled 2.3% (95% CI, 0.5-5.4) incidence reported in patients requiring urgent VKA reversal by PCCs in high-quality studies with varying follow-up durations. 21 Nearly all thromboembolic events occurred in patients in whom oral anticoagulation had not been restarted. One-third of the patients did not resume any form of anticoagulant therapy, consistent with findings of Pannach et al. 19 There is limited evidence to support the decision for and timing of resuming anticoagulation after GI bleeding. Current American College of Gastroenterology guidelines do not discuss the resumption of oral anticoagulation after GI bleeding, whereas current European Society of Cardiology guidelines suggest that an oral anticoagulant should be restarted as soon as the thrombotic risk outweighs the bleeding risk, mostly within 1 week. 22, 23 Available scant evidence from VKA experience suggests that the optimal timing to restart oral anticoagulation after a GI bleeding is ≈7 to 15 days. 24 This is in line with our study in which oral anticoagulation was restarted after a median time of 16 days from the initial GI bleeding event.
Strengths and Limitations
This is the first analysis focusing on idarucizumab use in patients with GI bleeding. Because of the pragmatic design of this study, it reflects usual acute clinical care. These data may provide further insights to practicing physicians into the role of idarucizumab in the management of dabigatran-related major GI bleeding.
This study had several limitations. First, a control group is lacking because ethical aspects prohibited the inclusion of a placebo control group in very sick patients with no alternative targeted reversal treatment available. 6 Second, the study protocol did not require collection of specific details of diagnostic and interventional endoscopic procedures. Third, details of cessation of bleeding could not always be assessed accurately in nonvisible GI bleeding. Nonetheless, the clinical impact of bleeding events was always assessed by the attending physician.
CONCLUSIONS
Idarucizumab showed a rapid and complete reversal of dabigatran activity in nearly all patients presenting with GI bleeding, regardless of the localization, and can be safely administered in conjunction with hemostatic agents. Our findings provide relevant further insights to practicing physicians into the role of idarucizumab in the management of dabigatran-related major GI bleeding events.
